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Abstract
Proteases have characteristics of biotechnological interest and have thus become important industrial enzymes. We report the
production of thermostable protease and its characterization in Bacillus  species, which is a thermotolerant bacterium; Bacillus
subtilis  is widely used for isolating protease enzyme. Gelatin was used as the substrate in nutrient agar medium for screening
and showed the maximum zone of activity (22 mm) after overnight incubation and addition of the indicator. Under submerged
fermentation conditions, a high level of protease production was found at 45 ◦C after 36 h at pH 10, with continuous agitation
(180 rpm). The presence of galactose and peptone in the medium enhanced enzyme production by 0.5% when compared with other
carbon and nitrogen sources. Thus, such additions can augment protease production and their application in various industries.
© 2014 Taibah University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1.  Introduction
Microorganisms are known to play a vital role
in technology for the production of intracellular and
extracellular enzymes on an industrial scale [1,2]. For
maximum yield, selected organisms are grown in fer-
menters under optimum conditions and can be further
used to make products such as cheese, bread, wine and
beer [4–6]. Most reactions inside living cells require
enzymes, which act as catalysts and are essential for life
[3,7,8].
Bacillus  species are the main producers of extra-
cellular proteases, and industrial sectors frequently use
Bacillus subtilis  for the production of various enzymes.. This is an open access article under the CC BY-NC-ND license
Proteases are the main enzymes produced from micro-
bial sources, of which only few are recommended as
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oil and is also known as hay bacillus and grass bacil-
us. It is a rod-shaped organism, which can form a tough,
rotective endospore and can withstand extreme environ-
ental conditions. Bacillus  species are obligate aerobes
r facultative anaerobe and include both free-living and
athogenic species [9,10]. In view of their wide applica-
ion in various industries, protease enzymes occupy an
mportant position [11].
Alkaline proteases constitute 60–65% of the global
ndustrial market [12,13]. These proteases are the single
lass of enzymes widely used in detergents, pharma-
euticals, leather and the food and agriculture industries
14,15]. B.  subtilis  is widely used for the production
f specific chemicals and industrial enzymes [16,17,1].
roteases are important components of biopharma-
eutical products such as contact lens cleaners and
nzymatic debriders [18]. Proteolytic enzymes support
he natural healing process in local management of
kin ulceration by efficient removal of necrotic material
19].
Proteases catalyze or hydrolyze protein [20] and
herefore play a vital role in various industrial applica-
ions [21,22]. Hyperactive strains are being sought for
se in different industries [23]. Conversion of wastes into
seful biomass by microorganisms and their enzymes is
 new trend, and new protease-producing microorgan-
sms and perfected fermentation technology are needed
o meet the ever-growing demand for this enzyme [24].
he aim of the present study was to purify and char-
cterize alkaline protease from B.  subtilis  and optimize
he conditions for maximum production of extracellular
rotease.
.  Materials  and  methods
.1.  Microorganism  and  culture  conditions
Soil samples were collected from side roads near
rmats Biotek Institute in Chennai. Serial dilutions of
he samples were made up to 10−5 dilutions, spread on
utrient agar plates and incubated for 24 h at 37 ◦C. The
olonies were identified as B.  subtilis  on the basis of
orphological and biochemical characteristics, includ-
ng endospore staining. Colonies were subcultured and
aintained to obtain a pure culture on nutrient agar
lates, which was transferred to a medium (pH 8.0) con-
aining 1% glucose, 0.5% casein, 0.55% yeast extract,
.2% KH2PO4, 1% Na2CO3, 0.2% MgSO4·7H2O,
H 8 and incubated at 37 ◦C with continuous shak-
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2.2.  Substrate  screening  and  qualitative  assay  of
protease
Gelatin was used as the substrate in nutrient agar
medium. The culture was streaked in a straight line and
incubated at 37 ◦C. After 12 h, the plates were flooded
with 15% HgCl2 solution in 20% HCl for 5 min. Sub-
strate gelatin at 1% (w/v) was then added to nutrient agar
medium, sterilized and poured into Petri plates. Wells
were made with a sterile cork borer, and 100–200 L of
cell-free culture filtrate were dispensed aseptically into
each well and incubated at 37 ◦C. After 12 h, enzyme
activity was visualized as clear zones around the wells
due to hydrolysis of substrates in the presence of indi-
cator solution, and the diameter of the proteolytic zone
was measured.
2.3.  Shake  ﬂask  fermentation  with  selected  medium
Alkaline protease was produced in an optimized
production medium of pH 8.0 containing 1% galac-
tose, 0.5% casein, 0.55% peptone, 0.2% KH2PO4, 1%
Na2CO3 and 0.2% MgSO4·7H2O; 4% inoculum was
added to the production medium and incubated with
continuous shaking. Shaker fermentations were car-
ried out at 37 ◦C for 72 h with controlled agitation at
150–200 rpm. At the end of the fermentation period,
the whole culture broth was centrifuged at 5000 rpm
for 30 min to remove debris, and the supernatant was
collected and used for further experiments.
2.4.  Effect  of  incubation  time  on  protease
production
The optimized protease production medium was pre-
pared in six 100-mL conical flasks, into which 1% B.
subtilis culture broth was inoculated and kept for shaker
fermentation. Every 12 h, each flask was filtered, fol-
lowed by centrifugation at 5000 rpm for 30 min. The
culture filtrate solution obtained was used to assay pro-
tease by qualitative and quantitative methods.
2.5.  Effect  of  carbon  and  nitrogen  sources  on
protease  production
The effect of carbon and nitrogen sources for protease
production was determined with simple and complex
carbon sources (sucrose, maltose, xylose, galactose and
starch) instead of dextrose and with peptone, ammo-
nium nitrate, ammonium sulphate, urea and ammonium
chloride as the nitrogen source instead of yeast extract.
Each source was used at a concentration of 1% (w/v)
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and 0.55% (w/v) to replace carbon and nitrogen sources,
respectively. Protease yield was determined after 72 h of
incubation at 37 ◦C with shaking at 150–200 rpm. After
production, the yield was estimated quantitatively.
2.6.  Separation  and  puriﬁcation  of  protease
The culture was harvested after 2 days’ growth at
room temperature. The crude enzyme preparation was
subjected to ammonium sulphate precipitation, and the
harvested culture was filtered through Whatman no. 1
filter paper of pore size 125 mm and centrifuged (REMI
C-24BL) at 5000 rpm for 30 min at 4 ◦C. Ammonium
sulphate was added slowly to the cell-free culture fil-
trate at 75% saturation to precipitate the protein, with
continuous shaking and a magnetic stirrer. The precipi-
tated protein was separated by centrifugation at 5000 rpm
for 30 min and was dissolved in 0.5 mmol/L phosphate
buffer, pH 7, dialysed and stored. This source of crude
enzyme was used for further enzyme characterization. At
each step, the protease activity and total protein content
were measured in an ultraviolet spectrophotometer.
2.7.  Quantitative  assay  of  protease
The protease activity in the culture filtrate of B.  sub-
tilis was assayed in a mixture containing 0.5 mL of 0.65%
gelatin as the substrate and 1 mL of cell-free culture
filtrate as the enzyme source. The mixture was incu-
bated at 37 ◦C for 10 min, and then 5 mL of 110 mmol/L
trichloroacetic acid (TCA) were added to the reaction
mixture to terminate the enzyme reaction. The reaction
mixture was centrifuged (REMI C-24BL) at 5000 rpm
for 30 min, and the supernatant was collected. To 2 mL
of supernatant, 5 mL of alkaline solution (500 mmol/L of
Na2CO3) and 1 mL of 25% Folin phenol reagent (25 mL
of reagent diluted with 100 mL of glass-distilled water
before use) were added and the mixture was incubated
at room temperature. After 30 min, the protease activ-
ity was read at 650 nm in a spectrophotometer (U-2900
UV/VIS). Simultaneous controls containing enzyme,
heat-killed enzyme and substrate were maintained. One
unit of protease activity was defined as the amount of
enzyme required to liberate 1 mol tyrosine/mL per min.
The protein content of the culture filtrate was estimated
by the dye-binding method of Bradford [34].
Enzyme activity was calculated from the formulaUnits/mL enzyme = mol tyrosine equivalents
volume of enzyme used ×  length of assFig. 1. Proteolytic activity of B. subtilis on (1) gelatin, (2) casein and
(3) skimmed milk.
2.8.  Effect  of  pH  on  activity  and  stability  of  protease
Partially purified enzyme in a volume of 500 L was
made up to 1 mL with buffers of various pH, and 0.5 mL
gelatin was added. The buffers used were 0.1 mol/L
acetate buffer (pH 5, 5.4 and 5.8), 0.1 mol/L phosphate
buffer (pH 6, 6.4, 6.8, 7.4 and 8.0) and 0.1 mol/L Tris
buffer (pH 8.8, 8.6 and 9.0). The enzyme and sub-
strate mixture was incubated at room temperature. After
60 min, the reaction was terminated by adding 5 mL of
110 mmol/L TCA. The enzyme and buffer mixture, with-
out substrate, were pre-incubated for 30 min at room tem-
perature; then, 5 mL of 0.65% gelatin were added to the
suspensions, and the residual protease activity and stabil-
ity were estimated quantitatively in a spectrophotometer.
2.9.  Effect  of  temperature  on  activity  and  stability  of
protease
Partially purified enzyme in a volume of 500 L was
made up to 1 mL with distilled water, to which 0.5 mL
of 0.65% gelatin was added. The enzyme and substrate
mixture was incubated for 30 min at 40 ◦C, 50 ◦C, 60 ◦C,
80 ◦C and 100 ◦C, and the reaction was terminated by
adding 5 mL of 110 mmol/L TCA to the suspension.
Residual protease activity was measured. As a control,
the enzyme and buffer mixture was incubated at the
different temperatures without substrate; after 30 min,
0.5 mL of 0.65% gelatin was added, and residual protease
activity was assayed.
3.  Results
The production of enzymes from microorganisms is
strongly influenced by the composition of the medium, released ×  total volume of assay
ay ×  volume used in colorimetric determination
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Fig. 2. (A) Effect of different carbon sources on protease production
by Bacillus sp. (B) Effect of different nitrogen sources on protease

















Fig. 4. Effect of pH on activity of protease from B. subtilis.ig. 3. The incubation period for protease production from B. subtilis.
emperature, pH, percentage of culture inoculated and
ength of incubation. B.  subtilis  showed higher proteo-
ytic activity on 0.03 (w/v) gelatin than on casein or
kimmed milk in nutrient agar medium (Fig. 1). Car-
on and nitrogen sources are also important factors for
he production of protease in culture medium. Of the
ve carbon and nitrogen sources tested, galactose and
eptone resulted in the highest protease activity (236.31
nd 175.083 U/mL per min, respectively), while the least
nzyme activity was observed with starch and ammo-
ium chloride (Fig. 2).
In tests to optimize the time, protease production
ncreased gradually from 0 to 36 h, at which it was max-
mal, at 243.28 U/mL per min; it then decreased with
ime (Fig. 3). To determine the optimal H+ concentra-
ion for protease production, B.  subtilis  was cultivatedFig. 5. Effect of temperature on activity of protease from B. subtilis.
over the pH range 5–9 at room temperature. The high-
est protease activity was found at pH 7.4 (143.73 U/mL
per min; Fig. 4). Residual protease activity was deter-
mined at different temperatures and was maximal at
40–50 ◦C, although considerable residual activity (50%)
was observed even after incubation at 80 ◦C for 30 min
(Fig. 5). Hence, protease obtained from B.  subtilis  can
be considered a thermostable enzyme. To obtain proteins
from the cell-free culture filtrate, they were precipitated
with ammonium sulphate at 75% (w/v) saturation by
adding powdered ammonium sulphate slowly with con-
tinuous shaking and a magnetic stirrer to avoid bubble
formation. The protein precipitate was then dissolved
and dialysed for 24 h against phosphate buffer. The
yield of protein was 2.31 mg/mL, with a total activity
of 475.56 U/mL per min.
4.  Discussion
B.  subtilis  had high proteolytic activity, with a clear
zone of 22 mm when gelatin was used as the matrix.
Enzyme production began 6 h after cell entrapment of
gelatin and increased gradually to a maximum level
of 10.8 U/mL; thereafter, enzyme production decreased
[25].
B. subtilis  grew in the pH range 6–9, with optimum
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as the carbon and nitrogen source, respectively, at spe-
cific incubation times and temperature. It was observed
previously that use of casein as the substrate under the
standard assay conditions gave the highest activity at
pH 8.0 [26,33]. Other experiments showed that an incu-
bation temperature of 37 ◦C, pH 9.0 and glucose and
sodium nitrate as the carbon and nitrogen source, respec-
tively, resulted in the highest production of protease
[27,28]. Protease yields vary considerably with temper-
ature and pH [30,31], which may be attributed to other
components of the medium and their combined influence
on the metabolism of the bacterial species [29,32]. In the
present experiment, a high yield of protease was found
at 50 ◦C and when alternate nitrogen and carbon sources
were used.
5.  Conclusion
B.  subtilis  can be used for large-scale production
of alkaline protease to meet present-day needs in the
industrial sector. In the present study, a natural poly-
mer gelatin was used with the nutrient agar medium to
help in cell immobilization for maximum production of
alkaline protease by strains of B.  subtilis. We also deter-
mined the optimum growth parameters for cultivating the
organism: maximum production of alkaline protease was
observed at pH 7.4 and a temperature of 50 ◦C with galac-
tose and peptone as the carbon and nitrogen sources,
respectively. As alkaline protease has more applications
than protease in industry, alkaline protease production
from B.  subtilis  is recommended.
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